ABSTRACT We investigated the oviposition behavior of Creontiades signatus Distant (Hemiptera: Miridae), a relatively new plant bug pest of south Texas cotton, Gossypium hirsutum L., on okra-leaf and normal-leaf genotypes that differed signiÞcantly in their leaf morphology and trichome densities. In a no-choice study, the site preference and numbers of eggs oviposited by C. signatus were identical for the okra-leaf and normal-leaf. In a free-choice test, C. signatus showed a signiÞcant preference for the normal-leaf by ovipositing 3 times the number of eggs than on okra-leaf, but the site locations and percentages of egg distributions were similar for the two cotton types. The leaf petiole was the most preferred site for oviposition, followed by the main stem, and fruiting structures (squares and small bolls). The majority of eggs were oviposited in the leaf petioles associated with the mid-portion (nodes 4 Ð 8) of the plant. Trichome densities on the leaf petioles, main stem, and leaf veins were similar for node 3, but they were signiÞcantly higher on these structures for nodes 5 and 8 for the okra-leaf compared with the normal-leaf. The strong selection of oviposition sites in the normal-leaf cotton in this study may be due to some factor other than trichome density. This information should increase the knowledge for scouting for the presence of eggs and young nymphs and serve as a starting point for the selection of nonpreferred cotton varieties for oviposition by this mirid.
Plants bugs (Lygus spp.), other than cotton ßeahop-per, Pseudatomoscelis seriatus (Reuter), have no history of being an economic problem in cotton, Gossypium hirsutum L., in south Texas. However, within the past 10 yr a green mirid, Creontiades signatus (Distant) (Hemiptera: Miridae), has inconsistently caused economic problems in the Lower Rio Grande Valley, Coastal Bend, and Upper Coastal Bend production regions of Texas (Coleman 2008) . The only other plant bug from the genus Creontiades with a history of damaging cotton in Arizona and northern Mexico is C. rubrinervis (Stål) (Wheeler 2001) . Two other species, Creontiades dilutus (Stål) and Creontiades pacificus (Stål) , are regarded as the most prevalent and economically threatening plant bugs of cotton in Australia (Khan 1997 , Ward 2005 . There has been no research to determine standard sampling methods, action thresholds, or insecticide recommendations for C. signatus infesting cotton in the United States. The current recommendations for managing plant bugs in cotton recognizes C. signatus as a pest, but sampling and treatment thresholds provided are the same as for Lygus spp. (Cattaneo and Sansone 2006) for lack of any research-based information that evaluates the damage relationships of C. signatus feeding on cotton.
The majority of cotton acreage in the United States is planted to tetraploid genotypes that express both the normal-leaf or okra-leaf morphology. Okra-leaf genotypes have palmate lobed leaves similar to okra, Abelmoschus esculentus (L.), and they exhibit a lower leaf area index compared with conventional-leaf cotton (Heitholt and Meredith 1998) . Cotton genotypes expressing the okra-leaf characteristic have been increasing in the number of planted hectares in the United States because of competitive yield traits, and because of some noted advantages in pest management. Okra-leaf genotypes have been credited with increased pesticide penetration into the canopy, which increases efÞcacy (James and Jones 1985) ; resistance to pink bollworms (Wilson 1990) ; and reductions in whiteßy development compared with normalleaf cottons (Chu et al. 1999) . Cotton genotypes from okra-leaf and normal-leaf backgrounds are reported to have varying degrees of plant hairs (trichomes) associated with leaves, leaf petiole, stems, and bracts (Bourland et al. 2003) . Polyphagous mirid pests of cotton such as the tarnished plant bug, Lygus lineolaris (Palisot de Beavois), and western tarnished plant bug, Lygus hesperus Knight, prefer higher trichome densities for oviposition (Bariola 1969 , Benedict et al. 1983 respectively), but no differences in oviposition were found for near isolines of glanded or glandless cotton (Benedict et al. 1981) . Little progress has been discovered or implemented for host-plant resistance of cotton to plant bugs.
C. signatus may become more of a concern as a pest of cotton as insecticide use for boll weevil decreases after active eradication. Heteropteran pests as a group have increased in pests status throughout the cotton growing regions of the United States because of a reduction in insecticide use in areas where the boll weevil, Anthonomus grandis grandis Boheman, has been functionally eradicated, the use of transgenic cotton cultivars that contain the Bacillus thuringiensis endotoxin, and the availability of more target selective insecticides used in the control of major cotton pests. An elevation in pest status of the tarnished plant bug has occurred in the southern and mid-south cotton regions after boll weevil eradication (Layton 2000) , even to the point of developing insecticide resistance to a variety of insecticides (Snodgrass 1996) . The stink bug complex in the mid-south and southern cotton regions also has been associated with an elevated pest status after boll weevil eradication (Greene et al. 1999 , Turnipseed et al. 2004 , Willrich et al. 2004 .
Because there is no information on the reproductive biology or oviposition behavior of C. signatus available on cotton, and a signiÞcant acreage of normal-leaf and okra-leaf cotton genotypes are planted in south Texas and most of the United States, our objectives were to determine 1) whether C. signatus prefers laying eggs on okra-leaf or normal-leaf cotton, 2) where on the cotton plant C. signatus prefers to lay their eggs, and 3) whether the preferred oviposition sites differ between okra-leaf and normal-leaf cotton.
Materials and Methods
Insect Rearing. C. signatus used in these choice, no-choice oviposition experiments originated from a colony established in the laboratory in January 2005, where the founding males and females were collected from rocket mustard, Sisymbrium irio L., and pigweed, Amaranthus spp., from several locations in Hidalgo County, TX. The rearing procedure included providing the bugs with "Texas Pinkeye" cowpea, Vigna unguiculata L., pods for feeding and oviposition and supplementing with Þeld corn, Zea mays L., in ventilated Tupperware (Tupperware Brands, Orlando, FL) containers held in environmental chambers at 27.0ЊC and a photoperiod of 14:10 (L:D) h. Female C. signatus used from the colony were a minimum of 5 d of age.
No-Choice Oviposition Study. Five individual plants (replicates) of okra-leaf ÔFiberMax 832Ј (ÔFM 832Ј) and normal-leaf ÔStoneville 452Ј (ÔSV 452Ј) were planted on 23 February 2007 in 6.6-liter pots containing potting soil (Sunshine mix, Bellevue, WA) and maintained in the greenhouse by watering approximately every 10 Ð14 d. The pots were fertilized with a 5% solution (PeterÕs fertilizer, 20 Ð20 Ð20, NÐPÐK, ScottÕs Sierra Horticultural Products, Marysville, OH) approximately every other time they were watered. Study plants were 12 nodes above the cotyledon leaves (just beginning to ßower, 65 d after planting) when the no-choice oviposition studies were initiated. Each plant was enclosed with prefabricated enclosure cage made of Lumite screen (Bio-Quip Products, Gardena, CA) held over the plant by wire hoops supported by bamboo poles. The enclosure cages were secured to the base of the pot with large paper binders (Acco, Wheeling, IL). Ten C. signatus females from the laboratory colony, were enclosed with each cotton plant in the pot and left in the greenhouse for 48 h. Whole plant inspections for oviposited eggs were made by clipping the plant at the soil surface and visually inspecting the entire surface area under stereo microscope. The number and location of eggs were recorded on a data-sheet template that allowed for noting the number of eggs on the main and axillary stems, leaf blades, basal and distal half of leaf petioles, peduncles, ßoral buds, and small bolls. The distribution of eggs along the plant axis was determined by summing the number of eggs associated with the cotyledon leaves (node 0) through subsequent branch nodes (1Ð12). The midpoint between each node was identiÞed on the main stem so that all eggs associated with a particular node, including all the plant parts arising from the node, could be summed. The number of eggs on a plant, individual plant parts, and eggs associated with the upper, middle, and bottom four nodes was analyzed by PROC MIXED (SAS Institute 2001). The analyses of variance (ANOVA, REML, residual maximum likelihood) model for the number of eggs included the Þxed effects of cotton genotype, plant structures, and for nodes grouped together (nodes 1Ð 4, bottom canopy; 5Ð 8, middle canopy; 9 Ð12, upper canopy), so that comparisons could be made with other published data on plant bug oviposition on cotton (Bariola 1969 , Benedict et al. 1981 , Tingey et al. 1975 . Differences among least-square means corresponding to levels of main effects were compared using the TukeyÐKramer adjustment (adjust ϭ Tukey) in the LSMEANS statement (␣ Ͻ 0.05).
Free-Choice Oviposition Study. The free-choice experiment was conducted using the same methodology as the no-choice study with the exception that 10 replicates of paired SV 452 and FM 832 plants were maintained in the same pot, and 20 female C. signatus were enclosed for 48 h. The data-sheet template and data analysis used for the free-choice experiment was identical to that of the no-choice experiment, with the inclusion of conducting paired comparisons for numbers of eggs on plants, individual plant parts, and nodes using the LSMEANS option (adjust ϭ Tukey) between cotton genotypes (SAS Institute 2001).
Trichome Density. Stellate and capitate trichomes for cotton plants of both genotypes (FM 832 and SV 452) were counted from plants cultured identical to those used in the oviposition study. Trichome densities were counted under a dissecting microscope equipped with an ocular micrometer (0.1-mm divisions; Olympus America, Melville, NY). The measurement area was a 0.5-cm 2 grid on the following four selected plant parts associated with nodes 3, 5, and 8 of each plant: 1) the mainstem (just above each node); 2) the midvein from the lower leaf surface of a fully expanded leaf; 3) the secondary vein, from the lower leaf surface of a fully expanded leaf; and 4) the middle of the leaf petiole of a mature leaf. Seven replicates (individual plants) of these plant structures were measured on each of the two genotypes. Trichome numbers were analyzed with ANOVA (ANOVA, PROC MIXED, SAS Institute 2001), with the Þxed effects of plant structure, node, and cotton genotype, and multiple comparisons for the least-square means were accomplished using the TukeyÐKramer adjustment (adjust ϭ Tukey) option in the LSMEANS statement (␣ Ͻ 0.05).
Results
No-Choice Oviposition. There were no differences in the type 3 Þxed effects for eggs oviposited on normal-leaf compared with okra-leaf by C. signatus for cotton genotype (F ϭ 0.01; df ϭ 1, 36; P Ͻ 0.91) or for genotype by plant part (F ϭ 0.52; df ϭ 4, 36; P Ͻ 0.72) in the no-choice oviposition experiment (Table 1) . There was a signiÞcant difference (F ϭ 25.66; df ϭ 4, 36; P Ͻ 0.001) in the distribution of eggs on plant structures within a genotype, where the basal and distal portions of the leaf petioles for normal-leaf and okra-leaf contained 90 and 83% of the total number of eggs, respectively, compared with all other plant parts (Table 1) . We made a distinction for eggs oviposited on the basal and distal half of the petiole because other plant bugs such as L. hesperus (Benedict et al. 1981) and L. lineolaris (Bariola 1969) preferred to oviposit eggs on the distal half of the petiole, but C. signatus did not select any particular location of the petiole for oviposition. The main stem was the next most frequented site for oviposition after the petioles, followed by the fruiting structures and peduncle. The okra-leaf had almost double the percentage of eggs laid on the main stem than normal-leaf, but the remaining percentages on the peduncle and fruiting structures were almost identical.
Free-Choice Oviposition. The results of offering C. signatus a choice of an okra-leaf versus a normal-leaf cotton variety were very different from the results of the no-choice test, indicating a strong preference for the normal-leaf. The total number of eggs oviposited on normal-leaf was 3 times higher (F ϭ 60.50; df ϭ 1, 81; P Ͻ 0.001) than okra-leaf, and the number of eggs oviposited on the basal and distal halves of the leaf petiole and main stem was signiÞcantly higher (F ϭ 40.42; df ϭ 4, 81; P Ͻ 0.001) on normal-leaf compared with okra-leaf (Table 2 ). More eggs were oviposited on the main stem of normal-leaf cotton as compared with the okra-leaf in the free-choice test, indicating that the petiole was probably crowded (mean ϭ 69.1 eggs/petiole for SV 452), forcing more oviposition to occur on the main stem. The overall distribution in the percentages of eggs oviposited on the main stem of normal-leaf and okra-leaf was similar (Table 2 ). There were no signiÞcant differences for the Þxed effects of genotype (F ϭ 0.04; df ϭ 1, 109; P ϭ 0.841) or genotype by node (F ϭ 2.62; df ϭ 2, 109; P ϭ 0.078) for eggs oviposited on the lower, middle or upper canopy of cotton plants in the no-choice experiment (Table 3) . However, there was a signiÞcant effect for the distri- a Least-squares means Ϯ SE in a column followed by a different lowercase letter are signiÞcantly different following TukeyÐKramer test (␣ Ͻ 0.05).
b Fruiting structures were 78 squares, three blooms, and four small bolls. a Least-squares means Ϯ SE in a column followed by a different lowercase letter and row means in uppercase followed by a different letter are signiÞcantly different using TukeyÐKramer test (␣ ϭ 0.05).
b Fruiting structures were 117 squares, eight blooms, and 16 small bolls. Normal-leaf Okra-leaf Normal-leaf Okra-leaf 9Ð12 upper third 9.9 Ϯ 1.7a 4.6 Ϯ 1.2b 11.1 Ϯ 1.6bA 2.8 Ϯ 4.3bB 5Ð8 middle third 10.6 Ϯ 1.9a 14.2 Ϯ 3.0a 22.3 Ϯ 2.7aA 9.7 Ϯ 1.4aB
1Ð4 lower third 6.3 Ϯ 1.5a 6.8 Ϯ 1.9b 11.3 Ϯ 1.6bA 1.9 Ϯ 0.5bB
a Least-square means Ϯ SE in a column followed by a different lowercase letter are signiÞcantly different within a genotype by using TukeyÐKramer test (␣ Ͻ 0.05).
b Least-square means Ϯ SE in a row followed by different uppercase letter are signiÞcantly different using TukeyÐKramer test (␣ Ͻ 0.05).
bution of eggs by node (F ϭ 5.35; df ϭ 2, 109; P ϭ 0.006), with the middle canopy having higher numbers, notably for the okra-leaf (Table 3 ). In the freechoice experiment, where higher numbers of eggs were oviposited compared with the no-choice experiment, the Þxed effects of eggs per genotype (F ϭ 61.23; df ϭ 1, 234; P Ͻ 0.001) and node (F ϭ 22.72; df ϭ 2, 234; P Ͻ 0.001) were signiÞcant, but not for the interaction of genotype by node (F ϭ 0.99; df ϭ 1, 234; P Ͻ 0.373).
Trichome Densities. The number of trichomes was signiÞcant for genotype (F ϭ 184.89; df ϭ 1, 144; P Ͻ 0.001), plant part (F ϭ 74.1; df ϭ 3, 144; P Ͻ 0.001) and by node (F ϭ 432.96; df ϭ 2, 144; P Ͻ 0.001). Plant structures from node three did not differ in trichome density, and the petiole, the preferred oviposition structure, tended to have higher numbers of trichomes than the other structures (Table 4 ). The number of trichomes increases on all structures with each increase in node position. The okra-leaf genotype resulted in 2Ð10ϫ higher trichomes numbers for nodes 5 and 8.
Discussion
This is the Þrst report of oviposition behavior of C. signatus on cotton. We did not examine egg eclosion and subsequent nymphal survival in this experiment, but we did conÞrm emergence from eggs and survival of nymphs when maintained on cotton in the laboratory (J.S.A., unpublished data). The total number of eggs oviposited by C. signatus over 24 h when enclosed on cotton seems to be double that of L. hesperus when treated in the same manner, but the speciÞc locations for oviposition on the cotton plant were different from those published previously for L. hesperus (Benedict et al. 1981 (Benedict et al. , 1983 . The most frequented oviposition site selected by C. signatus was any portion of the petiole within the middle canopy nodes and structures, whereas L. hesperus and L .lineolaris prefer to oviposit eggs on the pulvinus, or the thickened portion of the petiole where it attaches to the leaf blade, and within the upper canopy of the plant (Tingey et al. 1975; Benedict et al. 1981 Benedict et al. , 1983 Bariola 1969) . In Australia, C. dilutus and C. pacificus prefer to oviposit on the leaf petioles, but there was no mention of a site location on the distal or basal portion of the leaf petiole, or the location within the canopy (Khan et al. 2004) . The data from this study indicated that future experiments that evaluate C. signatus oviposition on cotton genotypes can be carried out by using a predetermined number of petioles from the middle nodes to save time and reduce labor.
L. hesperus (Benedict 1983) , and other cotton pests such as silverleaf whiteßy, Bemisia argentifolii Bellows & Perring, have shown a preference for normal-leaf cotton varieties that express a higher trichome density compared with glaborous types (Butler and Henneberry 1984, Chu et al. 1999 ). In our study, C. signatus selected the more glaborous genotype for oviposition over the hairier genotype, and this may be related to a physical stimulus such as the architecture of the plant, or a chemical stimulus that has not been identiÞed. Bourland et al. (2003) developed a rating system for several cotton genotypes that expressed different levels of trichome densities, whereas other researchers (Wilson and Wilson 1975 , Meredith and Schuster 1979 , Benedict et al. 1983 , Butler and Henneberry 1984 , Norman and Sparks 1997 , Chu et al. 2001 ) have published differences in trichome densities for various cotton genotypes while researching resistance mechanisms for insect pests of cotton. Okra-leaf genotypes have been identiÞed as having beneÞts in managing some key pests of cotton. Further investigations should be conducted to determine the response by C. signatus for the hairier okra-leaf genotypes.
